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NOTICE

The results of the OAST Research, Technology, and Engineering
- Workshop which was heid at the National Can?erenoe Center, Williamsburg,
Virginia, October 8-10, 1985 are contained in the following reports:

VOL 3 Executive Summary

VoL 2 Space Struciure (Dynamics and Contro

VOL 3 . sEte

VOL 4 Space Environmental Effscis

VOL 5 Energy Systems and Thermal Management
voL 8 information Systems

VOL7 Automation and Robotics
VOL8  In-Space Operations

Copies of these reports may be obtained by contactin

Commercial Telephone: (804) 865-4834
Federa! Telephone System: 928-4834
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FOREWORD

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the
responsibility for timely development of needed new technologies. Traditionally, the
development of new concepts, new materials, designs, and engineering techniques for
aeronautics has been accomplished in close cooperation with the aircraft industry and
with the great American universities. On the other hand, NASA, as the primary user of

space flight, has been its own principal customer for new space technologies.

A new era of permanent presence in space is beginning with the Space Station.
This permanent presence will permit and promote commercial ventures and privately

funded research in the tradition of university/industry cooperation.

The RT&E workshop in Williamsburg represents a significant milestone for
NASA and the space engineering community. It marked the initiation of a long-term
program of outreach by NASA to focus the needs of universities, industry, and
government for in-space experiments and to begin building a strong national user

constituency for space research and engineering.

These proceedings represent a "first-cut" planning activity to involve universities,
industry, and other government agencies with NASA to establish structure and content
for a national in-space RT&E program. More interactions are nee&ed - more workshops
will follow. Prggram adjustments will be made. A truly national program will evolve,
and its beginnings are presented here with the hope and determination needed to make it

a program we can all take pride in.

- Raymond Colladay



INTRODUCTION

Among the purposes of the Research, Engineering, and Technology Workshop, an
interest in validating the RT&E theme concept has some direct effect on the form of
these proceedings. The original five themes, which were themselves a target for
validation or recommeded changes, have become seven. During preparations for the
workshop, the submitted papers and attendance plans made it evident that the fifth
"theme", In-space Operations, was too broad, and would need to be split. As the
workshop got underway, a further split occurred, brought about by the different levels
of maturity, and needs for technology planning in several sub-disciplines. Thus, these
proceedings are presented under seven themes. The volume of presentations, and the
quantity of information generated by the individual panel summaries has led to the

decision to prepare the proceedings in several volumes.

The first volume is an executive summary and includes the summary presentations made
by the panel co-chairmen in the final plenary session. The accompanying seven volumes,
of which this is one, each represent a specific "theme”, and include the un-edited
original presentation material used in that particular panel workshop. Each of these
separate "theme" volumes also include the Foreword, the general Summary and
Conclusions, and the Chairman’s presentation charts and narrative summary. Thus, each
should represent a self-standing volume to reflect the proceedings relevant to its

respective Panel deliberations and output, as well as the reflection in the general

Workshop results.




WORKSHOP THEME

Space Environmental Effects
--Material Durability

--Atomic Oxygen

--Ultraviolet/Vacuum

--Electron/Proton
~-Plasma

--Contamination




SUMMARY AND CONCLUSIONS

NASA'’s In-Space Research, Technology, and Engineering (RT&E) Workshop
brought together representatives of the university community, private sector, and
government agencies to discuss future needs for in-space experiments in support of
space technology development and the derivative requirements for space station facilities

to support in-space RT&E.

The workshop provided an excellent forum for establishing an interactive process
for building a national in-space experiments program. It enabled NASA to present to
the user community (university and private sector) experiment concepts for NASA’s
technology development activities in support of future space missions. The meetings also

began a process by which industry and university researchers will be able to bring their

own TDM requirements to NASA’s planning process.

This conference reached three primary goals: first, it expanded and validated
NASA’s in-space experiment theme areas, including Space Structure (Dynamics and
Control), Space Environmental Effects, Fluids Management, Energy Systems and
Thermal Management, Automation and Robotics, Information Systems and In-Space
Operations; second, it began the development of a user community network which will
interface with NASA throughout the lifetime of the in-space experiment program; and
third, it formed the basis for the establishment of on-going working groups which will

continue to interest and coordinate requirements for in-space RT&E activities.

As an adjunct to the conference, NASA/OAST announced plans to initiate a
long-term program to encourage and support industry and university experiments.

NASA's modest investment in this program is initially targeted for generating experiment




ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively
funded experiments between NASA, industry, and academia and thereby, begin to build

an active in-space RT&E program.

Several key points emerged from this conference regarding the adequacy of the
TDM data base that should be addressed in future planning activities. First, many of
the experiments could be performed on the ground, i.e., they do not justify a space
experiment. Secondly, many of the experiments address near-term or current
applications and do not take into account advanced system requirements. The TDM data
base must look beyond extensions of current programs to reflect future needs and trends
to have an effective and useful impact on space station planning and design. This will

require increased input from industry and university researchers and engineers.

In order to address these concerns, it is imperative that a long-range planning
view be taken in which industry and university researchers help NASA derive the
technology development program. The following recommendations have been developed
on the basis of the workshop:

1. Development of an on-going RT&E university and industry advisory group;

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms

and as working sessions to refine the TDM data base;

3. Development of an RT&E information clearinghouse;

4. Development and continuation of the new experiments outreach activity

announced at the RT&E workshop;

5. Development of an "impacts assessment group” which will focus its energy on

identifying experiment accommodation requirements to impact the design of

in-space facilities, i.e., space station and others.




If carried out, these recommendations constitute movement toward development
of an effective NASA/industry/university partnership in a National In-Space RT&E
Program. This will also enable NASA/OAST to have an effective voice in space station
planning, v\}hich is essential toward the success of a future in-space activities. The
workshop, by promoting the process of NASA /industry/university interactions and by
pointing out concerns with the developing TDM data base has provided an important

first step towards a successful long-term space technology development effort.
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SPACE ENVIRONMENTAL EFFECTS
SUMMARY
Michael A. Greenfield

This Panel directed itself to reviewing space environmental effects experiments
developed to increase the understanding of the service environment and interactions.
Overall, the experiments that were presented fell into three major categories. The first
were those experiments directed to the development of a space environmental database,
taking into account synergistic and multi-parameter effects that cannot be simulated on
the ground. The second broad area included those experiments that would allow for
validation of ground-based developed models. Only through confidence in these
ground-based models can accelerated-life predictions of material response be made
accurately. The last area were a group of experiments directed toward exploiting
beneficial effects of the space environment such as atomic oxygen cleaning, magnetic

altitude control, material modification, etc.

The 26 presented experiments fell into two main areas: those related to environmental
definition and those related to the interactive effect of the environment on either the
surfaces or bulk properties of materials. The Panel attempted, during this preliminary
review of the experiments, to define overlapping technology issues, some measure of cost
benefit and time sequencing. It was clear that, in order to maximize the experiment’s
utility, it was necessary to evaluate experiments as to those that were providing
benchmark data; those that would provide an on-going update of the database needed
for design; and those that provided mechanistic understandings that would allow for
more meaningful ground test and ground test validations. There appeared to be in the
group of experiments reviewed a commonality of instrumentation needs. Furthermore, it

is felt that not all of the presented experiments actually required in-space Space Station




evaluation. Opportunities for either ground test, orbiter flight or free flyers were also

evaluated.

It was felt that in order to provide the opportunity for more meaningful environmental-
effect experiments on Space Station, certain accommodations would be necessary.
Although the needs for power utilities, data collection and transmission lines were not
considered to be show-stoppers, there was a need for placement on the Station in areas
that were well defined so that experiments could be evaluated as for space environmental
effects only and not produce misleaciing data from contamination. The Panel, working
with the audience which was composed of about 50% industry and university people and
50% NASA people, attempted to define what were reasonable short-term achievable
goals. It was felt that among these were the ability to characterize the Station
environment, develop a common cost-effective instrumentation pool that all
experimenters might use and, at least, initially predict material and component
performance for the generation of some preliminary engineering data. In the longer
term, it was felt that design enhancements for growth Station could be developed; the
role of the space environment as a beneficial environment for exploitation could be
evaluated; and improvements in the long-term reliability of components could be

achieved.
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EXPERIMENT TITLE:  SPACECRAFT MATERIALS AND COATINGS TDMX 2011

PROPOSED FLIGHT DATE - 1992 (Est.) YEAR

OPERATIONAL DAYS REQUIRED - _Continuous

MASS - 970 KG

VOLUME: Total of 3 parts
STORED: w 1m xL10 x5 x5,y 0.2m - 4

DEPLOYED: W 1m xL 10 x 5 x 5xH 0.2m = 4

INTERNALLY ATTACHED  No (YES/NO)
EXTERNALLY ATTACHED ~_ Yes _ (YES/NO)
FORMATION FLYING No _ (YES/NO)

ORIENTATION (inertial, solar, earth, other) Solar, Velocity Vector, Wake

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 1 Hrs/Day 6 No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: 1 Hrs/Day 1 No. of days 90 Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 2 Hrs/Day 6 No. of days
OPERATIONS: 0.1 Hrs/Day No. of days Cont.Interval
SERVICING: 2 Hrs/Day 1 No. of days 90 Interval

POWER REQUIRED: Peak  0.65KW
AV. 0.46 KW AC or@(circle one)
24 Hrs/Day Cont. No. of days
DATA RATE: 0.0113 Megabits/second

DATA STORAGE: Gigabits
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EXPERIMENT TITLE: In Situ Trace Contaminant Analysis

PI: Dr. Dana A. Brewer and Paul R. Yeager
PROPOSED FLIGHT DATE - 1992 YEAR

OPERATIONAL DAYS REQUIRED - 90

MASS - 113.4 KG

VOLUME :

STORED W 0.48 XL 0.52 X H 1.52 = 0.379 M3
DEPLOYED W 0.48 X L 0.52 X H 1.52 = 0.379 M3

INTERNALLY ATTACHED YES
EXTERNALLY ATTACHED NO
FORMATION FLYING NO

ORIENTATION (inertial, solar, earth, other)

N/A

EXTRA-VEHICULAR ACTIVITY REQUIRED: N/A
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 0 HRS/DAY NO. OF DAYS
OPERATIONS: 0 HRS/DAY NO. OF DAYS INTERVAL
SERVICING: 1 HRS/DAY 1 NO. OF DAYS 90 INTERVAL
POWER REQUIRED:
1.5 KW AC OR DC (circle one): EITHER
24 HRS/DAY 90 NO. OF DAYS

DATA TRANSMISSION RATE: 1 MEGABITS/SECOND FOR 10 SECONDS ONCE A DAY

DATA STORAGE: 0.1 GIGABITS FOR 24 HOURS OF DATA
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EXPERIMENT TITLE:_ADVANCFT

EXPERIMENT

PROPOSED FLIGHT DATE - p-1 YEAR

OPERATIONAL DAYS REQUIRED - __ /80-720
MASS - ZEeDh KG
VOIL.UME: 78D

STORED W —— xL__— xH__— = _ M3
DEPIOYED: W —— xL __— xH___ — = — M
INTERNALLY ATTACHED (YBSNO)

EXTERNALLY ATTACHED (YESZND)

FORMATION FLYING rEeN0)

ORIENTATION (inertial, solar, earth, other) SOLAR

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days

OPERATIONS. —— Hrs/Day _—— _ No. of days _—— Interval

SERVICING: ———_Hrs/Day —— _No. of days _—— Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: —— _ Hrs/Day —— No. of days

OPERATIONS: —— Hrs/Day __—— No. of days _—— Interval

SERVICING: —— _ Hrs/Day —— __No. of days __—— Interval

POWER REQUIRED:
KW AC or DC (circle one)

D— Hrs/Day ~——  No. of days

DATA RATE: f— Megabits/second
DATA STORAGE: ——  Gigabits
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ACCOMMODATION REQUIREMENTS

EXPERIMENT TITLE: Microelectronics Data System Experiment

PRINCIPAL INVSTIGATOR(S): A. Johnston, et al

ADDRESS: Jet Propulsion Laboratory - 4800 Oak Grove Dr., Pasadena, CA 91109

PROPOSED FLIGHT DATE _ 1992 to 2001 YEAR(S)

OPERATIONAL DAYS REQUIRED 365 (PER YEAR)

MASS 100 KG

VOLUME :

sToReEp w_ 1.0 xL__ 2.0 xu__ 0.5 - 1.0 M3
DEPLOYED W 1.0 xL__ 2.0 xB__ 0.5 - 1.0 M3

INTERNALLY ATTACHED No (YES/NO)
EXTERNALLY ATTACHED _ Yes  (YES/NO)

FORMATION FLYING No (YES/NO)
ORIENTATION (inertial, solar, earth, other) Anti-earth
EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 2 Hrs/Day 2 No. of days.

OPERATIONS: 0 Hrs/Day 0 No. of days. -~~~ Interval

SERVICING: 1/2  Hrs/Day 1 No. of days. yearly ynterval
INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 2 Hrs/Day 2 No. of days.

OPERATIONS: 1 Hrs/Day 1 No. of days. weekly Interval

SERVICING: ) Hrs/Day 1 No. of days. yearly Interval
POWER REQUIRED:

0.25 gy AC oréiikcircle one)

24 Hrs/Day continuous No. of days
DATA RATE: 1 Megabits/second
DATA STORAGE: 0.1 Gigabits
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TRANSIENT UPSET PHENOMENA IN VLSI DEVICES
TDMX 2442

Investigators:

Dr. Gerald M. Masson
The Johns-Hopkins University

Felix L. Pitts
NASA Langley Research Center

OBJECTIVE:

Develop a data base from in situ experiments which will contribute to
understanding, characterization, and circumvention of alpha particle and cosmic
ray induced single event upsets of very large scale integrated (VLSI) circuits
in space applications. In digital systems for space applications, desirable
circuit features such as high speed, low power, and high bit/chip density
result in increased susceptibility to particle induced single event upset.
Since neither shielding or hardening will alleviate this problem completely,
there is a need to understand the nature of system upsets induced by high
energy particles in the complex devices which could be used to enhance space
applications.

DESCRIPTION:

The experiment consists of three components: the unit under test (UUT), the
experiment control and monitoring (ECM) computer, and equipment to measure the
radiation enviromment. The VLSI integrated circuits used in the UUT will be
specially fabricated units such as random access memories, processors, ete.,
which will permit accurate detection and characterization of upsets. The
output signals generated by the UUT while performing a generic program will be
monitored and checked by the ECM to accomplish "instrumentation" of system
upsets by recording the values of the monitored signal lines from the UUT at
the time of upset. The ECM will interface with the Space Station data and
communication bus for data transmission to the ground. The radiation
enviroment will be measured to develop statistical data for establishing the
cause-effect relationship between the environment and the single event upsets.
The UUT would be minimally shielded to deliberately expose it to a worst case
radiation environment for the given Space Station orbit. The ECM would require
maximum shielding and incorporate a high degree of fault tolerance through
spacial redundancy so as to be minimally affected by cosmic radiation. This
redundancy will decrease the probability of undetected ECM faults and,
therefore, provide experiment data integrity. Some analysis of the events
monitored will be performed onboard in the ECM computer, thus reducing the
amount of data which will require storage or transmission to the ground.
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EXPERIMENT TITLE: Transient Upset Phenomena in VLSI Devices

PROPOSED FLIGHT DATE - __ /492 - 14995 YEAR

OPERATIONAL DAYS REQUIRED - _Continuous

MASS - 100 KG
VOLUME:
STORED: W x L x H =_ 03
DEPLOYED: W 1 x L 1 xH 0.30 = 0.3
INTERNALLY ATTACHED yes (YES/NO)
EXTERNALLY ATTACHED no (YES/NO)
FORMATION FLYING no  (YES/NO)
ORIENTATION (inertial, solar, earth, other)__ Any
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 3/4  Hrs/Day 1 No. of days
OPERATIONS: 1/4  Hrs/Day 1/4 No. of days _6_0__ Interval
SERVICING: 1 Hrs/Day 1 No. of days 180 Interval

POWER REQUIRED:

0.1 KW AC or DC (circle one)

Continuous Hrs/Day ___ No. of days
DATA RATE: = Megabits/second
DATA STORAGE: __ © Gigabits

*Approximately 1 Megabit per month.
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EXPERIMENT TITLE: VHSIC Fault Tolerant Processor

PROPOSED FLIGHT DATE - 92-94 YEAR

OPERATIONAL DAYS REQUIRED - _ 565

MASS - __ 100 KG

VOLUME:

STORED: \ x L x H = 0.15
DEPLOYED: W x L x H = D05

INTERNALLY ATTACHED yes (YES/NO)
EXTERNALLY ATTACHED _pq (YES/NO)
FORMATION FLYING no (YES/NO)

ORIENTATION (inertial, solar, earth, other) Fixed to Station

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day - No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 0.75 Hrs/Day 1 - No. of days
OPERATIONS: 24 Hrs/Day 965 No. of days  €ONtnterval

SERVICING: 2.5 Hrs/Day 1 No. of days 1 ¥V Interval

POWER REQUIRED:

1 Kw AC or DC (circle one)

24 Hrs/Day 525 No. of days

DATA RATE: _0.000 Megabits/second(m KBps, 0.25 hr per day)

DATA STORAGE: 0.000  Gigabits (1MB)
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40-105 GHz PROPAGATION EXPERIMENT

EXPERIMENT DESCRIPTION

The 40-105 gigahertz propagation experiment will consist of three main
segments. The space segment, the data collections segment (experimenters,
ground stations) and the data processing segment.

Multiple radiofrequency sources with steerable antennas, power supply and
control circuitry are envisioned to comprose the space segment package of the
experiment.

The data collection segment will consist of a number of suitably located
ground stations capable of receiving and recording the signal parameters from
the space station after they have been affected by the earth's atmosphere.
Due to relatively large signal margin (referenced to clear sky) requirements
at these frequencies antenna steering will be required on both the space and
ground segments of the link. Automated antenna tracking between the
experiment participants and the space station orbit passes (estimated 15
minutes per pass)will be required.

The data processing segment of the experiment will consist of the
collection and processing of the standard format tapes produced by the
experimenters (ground station.). Reduced propagation data will be distributed
to better define the future links in the frequencies of interest.

Godfrey Anzic

NASA Lewis Research Center
21000 Brookpark Road

M. S. 54-5

Cleveland, OH 44135
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EXPERIMENT TITLE: 40-105 GHz Propagation Experiment

PROPOSED FLIGHT DATE - 1994 YEAR

OPERATIONAL DAYS REQUIRED - 3 years (continuous)

MASS - 400 KG

VOLUME:

STORED: w L.5 xL 1 xH 1 = 1.5 M3
DEPLOYED: W 2.5 xL 1 x 1 0.5 = 1.75 m3
INTERNALLY ATTACHED  no (YES/NO)

EXTERNALLY ATTACHED __yes (YES/NO)

FORMATION FLYING no _ (YES/NO)

ORIENTATION (inertial, solar, earth, other) earth

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 10 Hrs/Day 1 No. of days
OPERATIONS: 0 Hrs/Day 0 No.of days O Interval
SERVICING: 5 Hrs/Day 1  No. of days 6 mo. Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP; 0 Hrs/Day 0 No. of days
OPERATIONS: 0 Hrs/Day 0 No. of days 0 Interval
SERVICING: 0 Hrs/Day 0 No. of days 0 Interval

POWER REQUIRED:

)
0.5 KW AC or(l_)gcircle one)
24 Hrs/Day 1000 No. of days
DATA RATE: 0.1 Megabits/second
DATA STORAGE: __ 0 Gigabits

Godfrey Anzic

NASA Lewis Research

21000 Brookpark Road

Mail Stop 54-5

Cleveland, OH 44135 64
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ACCOMODATION REQUIREMENTS

EXPERIMENT TITLE: Collisionfree Lab in Low Earth Orbit

PROPOSED FLIGHT DATE - 1995 YEAR
OPERATIONAL DAYS REQUIRED - __1-10
MASS - TBD KG
VOLUME:
STORED W _8D x L x H . M3
DEPLOYED W _ 18D x L x H = M3
INTERNALLY ATTACHED _Yes  (YES/NO)
EXTERNALLY ATTCHED _No (YES/NO)
FORMATION FLYING No (YES/NO)
ORIENTATION (inertial, solar, earth, other) Controlled variation wrt
Geomagnetic
EXTRA-VEHICULAR ACTIVITY REQUIRED: (o
Hrs/Day No. of days.

INTRA-VEHICULAR ACTIVITY REQUIRED: VYes

TBD Hrs/Day No. of days
POWER REQUIRED:

18D KW AC or DC (circle one)

TBD Hrs/Day TBD No. of days
DATA RATE: 18D Megabits/second
DATA STORAGE: 18D Gigabits
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ELECTROPHORESIS 1IN SPACE

EXPERIMENT OBUECTIVE:

T0 DETERMINE THE FEASIBILITY OF UTILIZING THE MICROGRAVITY
ENVIRONMENT FOR IMPROVED METHODS OF SEPARATING AND PURIFYIMG
BIOLOGICAL PRODUCTS (PROTEINS, HORMONES, CELLS) AND OTHER
MATERTALS THROUGH THE USE OF ELECTROPHORESIS TECHNIQUES

71




DESCRIPTION:

THIS EXPERIMENT INVOLVES THE DEMONSTRATION AND ANALYSIS OF
ELECTROPHORESIS TECHNIQUES CARRIED OUT IN SPACE. INITIAL
EXPERIMENTS HAVE BEEN ACCOMPLISHED ON THE SPACE SHUTTLE, WITH
ENCOURAGING RESULTS. THE PROCESS CONSISTS OF INJECTING THE
MIXTURE TO BE SEPARATED INTO A CONFINING “CELL” ALONG WHICH THE
MATERIAL WILL FLOW. AN ELECTRICAL FIELD ALIGNED ACROSS THIS
“CELL" CAUSES THE COMPONENTS OF THE MIXTURE TO TAKE SLIGHTLY
DIFFERENT PATHS, AND THUS TO SEPARATE, ACCORDING TO THEIR
ELECTROPHORETIC MOBILITY. INDIVIDUAL OUTLET PIPES COLLECT THE
SEPARATED COMPONENTS. IN SPACE THIS PROCESS MAY BE SCALED UP
BEVON® EARTH BASED SYSTEMS. THE ABSENCE OF SEDIMENTATION EFFECTS
AND THERMAL CONVECTION EFFECTS THAT ARE PARASITIC TO THE PROCESS
SHOULD ALLOW GREATER YIELDS AND PURITY OF SEPARATED MIXTURE
COMPONENTS.
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EXPERIMENT TITLE: E'cd‘ro?lﬂovcsi; LN Sp_gcc.

PROPOSED FLIGHT DATE - 'prcscvd‘f YEAR
OPERATIONAL DAYS REQUIRED - __ &

MASS - IS0 KG

VOLUME: 1,0 ~.0
STORED: W | xL 7€ xu L - 4G
DEPLOYED: W ___ ' xL N x5 ™ - M

INTERNALLY ATTACHED _ %4  (YES/NO)
EXTERNALLY ATTACHED __~—% _ (YES/NO)
FORMATION FLYING ? (YES/NO)
-6
ORIENTATION (inertial, solar, earth, other)__N/A 3 10 ° &

EXTRA-VEHICULAR ACTIVITY REQUIRED: A//7

SET-UP Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 8 Hrs/Day I No. of days
OPERATIONS X  HrsDay & No.of days | &ulnterval
SERVICING: &  Hrs/Day € No.of days 1A+ interval

POWER REQURED: O.S
<=5 xw  AC or(DO)circle one)
29 by 8 No.ofdap
DATA RATE: : 00 Y Megabits/second
DATA STORAGE: __ 10”2 Gigabins
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expERIMENT TITLE:_Growth of Thin Single Crystal Films of Rhodium

PROPOSED FLIGHT DATE - 1990-1992 YEAR (first year of operation)
OPERATIONAL DAYS REQUIRED - 10
MASS - 1.0 KG
VOLUME: *
sToreD: w_ 0.15 xL __0.15 xu 015 -_00034 M3
DEPLOYED: w (.15 xL__0.15 xu_ 015 = 00034 M
INTERNALLY ATTACHED V. (YEs/NoO)
EXTERNALLY ATTACHED (¥ES/NO)
FORMATION FLYING (¥ES/NO)
ORIENTATION (inertial, solar, earth, other) INertial or earth
EXTRA-VEHICULAR ACTIVITY REQUIRED:  None

SET-UP: Hrs/Day No. of days

OPERATIONS: Hrs/Day No. of days __ Interval

SERVICING: Hrs/Day No. of dayvs Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:  None

SET-UP; Hrs/Day No. of days

OPERATIONS: Hrs/Day No. of days Interval

SERVICING: Hrs/Day No. of days Interval
POWER REQUIRED:

10 KW AC or(circle one)
4 Hrs/Day 10 No. of days

N/A
DATA STORAGE: N[ A Gigabits

DATA RATE:

Megabits/second

*1t is assumed that the materials processing facility onboard
the space station will have an MBE crystal growth system. -

78 Singh and Spijkerman
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EXPERIMENT TITLE:

TDM-2022, Growth of Compound Semiconductor Crystals

1992

PROPOSED FLIGHT DATE - YEAR
OPERATIONAL DAYS REQUIRED - 365
MASS - _200 KG
VOLUME:
STORED: W 1 x L 1 xH__ 2 = 2 M3
DEPLOYED: W 1 x L ] xH__ 2 = 2 M3
INTERNALLY ATTACHED yes (YES/NO) |
EXTERNALLY ATTACHED no (YES/NO)
FORMATION FLYING no (YES/NO)
ORIENTATION (inertial, solar, earth, other) ap y
EXTRA-VEHICULAR ACTIVITY REQUIRED: none
SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days ___ Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 8 . Hrs/Day 1 No. of days
OPERATIONS: 2 Hrs/Day 365 No. of days _ 1 Interval
SERVICING: 8  Hrs/Day __ 4 No. of days 99 Interval
POWER REQUIRED:
2,5 KW  AC or DC (circle one) €ither
24 Hrs/Day 365  No. of days
DATA RATE; 0.2 Megabits/second
DATA STORAGE: 0.2 Gigabits
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HIGH VOLTAGE IN SPACE PLASMA

JAMES McCOY | ATeHARD W TtLIAMS
NASA-JSC

OBJECTIVE:

TO PROVIDE A TECHNOLOGY BASE FOR UNDERSTANDING THE GENERATION, DIS-
TRIBUTION AND USE OF HIGH VOLTAGES IN THE LEO PLASMA. INCLUDED ARE
INTERACTIONS OF HIGH VOLTAGE SOLAR ARRAYS, HIGH POWER DISTRIBUTION SYSTEMS,
ELECTRODYNAMIC TETHERS, ELECTRIC PROPULSION SYSTEMS, AND HIGH VOLTAGE
PAYIOADS SUCH AS PARTICLE ACCELERATORS AND ELECTRON PUMPED LASERS.

DESCRIPTTON:

THE MISSION PROPOSED WILL PROVIDE A PERMANENT FACILITY TO EXPERIMENTALLY
TEST THE PERFORMANCE OF SYSTEM COMPONENTS IN THE LEO ENVIRONMENT WITH
SUFFICIENT INSTRUMENTATION AND CONTROL TO INSURE SPACE QUALIFICATION OF NEW
CONCEPTS. HIGH VOLTAGE SYSTEMS INTERACT WITH THE LEO PLASMA THROUGH THE
FOLLOWING MECHANISMS: PLASMA INDUCED ARCING, PARASITIC LEAKAGE CURRENTS,
MATERIAL DEGRADATION THROUGH ION SPUTTERING, UV AND PHOTOELECTRON CONDUC-
TION, VxR INDICED POTENTIALS, AND TRANSPORT OF CHARGE AND MATERIAL BY
SPACECRAFT GENERATED PLASMAS. SINCE HIGH ELECTRICAL POWER REQUIRES HIGH
VOLTAGE SYSTEMS, SUCH A TEST FACILITY IS NECESSARY FOR NEXT GENERATION
SPACE STATION DEVELOPMENT.

THE APPROACH IS TO USE CORE EQUIPMENT AND EXPERIMENT TEST BED WITH
STANDARDIZED, PLUG IN INTEGRATION OF TEST ITEMS.

CORE EQUIPMENT INCLUDES SOLAR ARRAY, HIGH VOLTAGE POWER SOURCE, DATA
COMPUTER, DIAGNOSTICS, AND PLASMA GROUND.

EXPERIMENT ATTACHMENTS FOR HIGH VOLTAGE (1 KW AT UP TO 10 KV AND 1 KHZ),
DATA CHANNELS (UP TO 10 Kb); AND 2 AXIS POINTING.
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EXPERIMENT TITLE: High Voltage in Space Plasma

PROPOSED FLIGHT DATE - 1994/5 YEAR

OPERATIONAL DAYS REQUIRED - __ Continuous

MASS - 3C KG (6 systems at various sites)
VOLUME: (per system)

STORED: W 4 xL _ 10 xH _g1 - 10 M3
DEPLOYED: W 4 xL __1g xH___4 - 100 M3

INTERNALLY ATTACHED No (YES/NO)
EXTERNALLY ATTACHED ygg (YES/NO)
FORMATION FLYING No (YES/NO)

ORIENTATION (inertial, solar, earth, Other)_UnobsLnuci;ed—hemi-s.phere (Approx. 10 m rad.)

in ram direction
EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: BB Hrs/Day No. of days
OPERATIONS: TBD Hrs/Day No. of days Interval
SERVICING: TBD Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: TBD Hrs/Day No. of days
OPERATIONS; TBD Hrs/Day No. of days Interval
SERVICING: 1BD Hrs/Day No. of days Interval

POWER REQUIRED: (Experiment provided)

Kw AC or DC (circle one)

Hrs/Day _ No. of days
DATA RATE: Megabits/second
10 Kb
DATA STORAGE: Gigabits

Note: This is best viewed as a "facility" on which plasma experiments
can be mounted.
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EXPERIMENT TITLE: Y0ltade Operating Limit Test

PROPOSED FLIGHT DATE - 1987 - 88 YEAR

OPERATIONAL DAYS REQUIRED - 1[8.25 hrs per data take period (5-1/2
Qrpits) 3 periods reauested ]

MASS - 135

VOLUME: (Overall envelope)

STORED:  w__ 1,07 xr 1.9 xH_ 1,12 - 2,28 M3
DEPLOYED: W __ 1.07 «xL 1.9 xH__ 1,12 = 2,28 M3

INTERNALLY ATTACHED Yes  (YES/NO)

EXTERNALLY ATTACHED ! (YES/NO)

FORMATION FLYING ?85 (YES/NO)

ORIENTATION (inertial, solar, earth, other)Variable (ram, wake, sun, anti-sun)

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 0 Hrs/Day No. of days
OPERATIONS: 0 Hrs/Day No. of days Interval
SERVICING: 0 Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 0.2 Hrs/Day | No. of days
OPERATIONS: O Hrs/Day ' No. of days Interval
SERVICING: 0 Hrs/Day No. of days Interval

POWER REQUIRED:

OM Kw AC or @(circle one)

24 Hrs/Day / No. of days

DATA RATE: N/A Megabits/second , .
— e } Self contained multiplexer, memory

DATA STORAGE: _N/A ____ Gigabits and tape recorder

STATUS - Flight electronics in electrical test.
- Funding required to procure experiment plate and for
qualification and flight of system.
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R. T&E WORKSHOP

Experiment Title:  Plume Properties Measurements L"SED';E';H

Proposed Flight Date: _ Cy 1990  Year
Mass: <100 KG

Volume:
Stored W <1 xL <2 xH <3 =<6 MJ)
Deployed W <1 xL <5 xH <15 <75 M(3)

Internally Attached Yes (Yes/No)
Externally Attached Yes (Yes/No)
Formation Flying  No (Yes/No)

Orientation: Measurement plane shielded from freestream gas

Extra—Vehicular Activity Required:
Set-Up: 4 Hrs/Day 1 No. of Days
Operations: — Hrs/Day — No. of Days —  Interval
Servicingg ~ Hrs/Day — No. of Days — Interval

Intra—Vehicular Activity Required:
Set-Up: 6 Hrs/Day 1 No. of Days
Operations: 15 Hrs/Day 1 No. of Days - lInterval
Servicing: — Hrs/Day — No. of Days - Interval

Power Required: 0.2 KW  AC or@(Circle one)

15 Hrs/Day 1 No. of Days

Data Rate: 0.0 Megabits/secorid

Data Storage: 0.1 Gigabits
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EXPERIMENT TITLE: LON ¢ TTCkr £ 646278 gz

CE
3/

£

, \

ENFOSURE ON  MRKILKIRLS
PROPOSED FLIGHT DATE - 19 93 ___YEAR
'
OPERATIONAL DAYS REQUIRED - 365
MASS - Jod KG

VOLUME: -

STORED: W _ ]G xL S3Yiwme xH 36| in_

DEPLOYED: W 12t xL S3YU A xH Q0| e

INTERNALLY ATTACHED YES  (YES/NO)
EXTERNALLY ATTACHED YE4 _ (YES/NO)
FORMATION FLYING (YES/NO)

ORIENTATION (inertial, solar, earth, other) K\[!\

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: t;)s Hrs/Day l No. of days

OPERATIONS: Ng;é Hrs/Day No. of days

Interval

- ' i
SERVICING: Q Hrs/Day é No. of days /Q mos&Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: g Hrs/Day l No. of days

OPERATIONS: 9\ Hrs/Day 9 A No. of days /W¢s nterval

SERVICING: | Hrs/Day (> No. of days /31 Interval

POWER REQUIRED:

l KW r DC (circle one)

Q\ Hrs/Day \‘)/ DX No. of days

DATA RATE: l\)[ D Megabits/second - 30% hoe =

. PR 16
DATA STORAGE: _ N/A Gigabits - TRARS™T 1Y
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EXPERIMENT OBJECTIVE

The objective of this experiment is to bring the unique
capabilities of reactive scanning electron microscopy to the
service of the study of materials, chemically reacting systems,
and biological systems under microgravity conditions. It will
provide SEM reactors in which materials can be studied at extreme
temperatures while undergoing solid/gas reactions in a
microgravity environment. It will also provide biological
reactors in which living cells can be studied in the SEM under
microgravity conditions.

In the case of materials studies, this will permit the
microscopic study of materials and reacting solid/gas systems
under conditions that they may realistically be expected to
encounter in space applications. In the case of biological
systems, this will provide for the microscopic study of
niological cells as they develop and reproduce in an environment
devoid of the orienting gravity vector. The results of these
latter experiments are likely to have important implications
regarding future biclogical processing in space.

D.W. Blair, High Temperature Controlled Atmosphere Reactions in the
Scanning Electron Microscope
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EXPERIMENT DESCRIPTION

In this experiment scanning electron microscopy (SEM) is
extended to the study of systems reacting under stringently
specified conditions.

Reactors are provided to study two different types of
systems: high temperature solid/gas reactions and biological
reactions.

The high temperature reactions are studied in a specially
designed SEM reactor that operates up to 1600 C and 5 torr
(presently being extended to 2000 C). Resolution is 300 A. X-ray
elemental analyses are included up to 1000 C. It is proposed to
extend the limits of operation to above 3000 C and one atmosphere
by laser heating and differential pumping. The existing system
can be coupled with a mass spectrometer to provide continuous gas
analysis during reaction. It has been used to study soot
deposition, catalytic cracking of acetylene over iron, oxidation
of refractory metals, and oxidation, reduction and pyrolysis of
coke. These accomplishments may readily be extended to similar
studies under microgravity spacelab conditions.

The biological stage is under development (NSF SBIR Grant
TR43GM33627-01A1). It will provide an atmosphere in which
biological cells remaln viable while under observation in a SEM.
With this system cells will be observed with a resolution of
approximately 300 A as they pass through their life cycles. All
known biological systems have developed in an environment of
approximately one g. This experiment will permit microscopic
study of simple biological systems under the extraordinary
environment of microgravity. Multiple generations of

microorganisms may be studied under this unusual and important
condition.

D.W. Blair, High Temperature Controlled Atmosphere Reactions in the

Scanning Electron Microscope
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D.W. Blair, High Temperature Controlled Atmosphere Reactions in the

Scanning Electron Microscope
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High Temperature Controlled Atmosphere Reactions

in the Scanning Electron Microscope
EXPERIMENT TITLE:

PROPOSED FLIGHT DATE - _TR(D YEAR

OPERATIONAL DAYS REQUIRED - T8D

MASS - 2qQ9 KG
VOLUME:
STORED: W _0.6 xL___2 _ xH__1.5 = 1.8 M
DEPLOYED: W _0.6 xL__ 2 xH__1.5 =__ 1.8 M
INTERNALLY ATTACHED Yes (YES/NO)
EXTERNALLY ATTACHED 0 (YES/NO)
FORMATION FLYING 0 (YES/NO)
ORIENTATION (inertial, solar, earth, other)___TBD
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: _0__Hrs/Day _ (] No. of days
OPERATIONS: _Q__Hrs/Day _ _[] No. >f days [ Interval
SERVICING: 3 __ Hrs/Day _[J _  No. of days __.D__Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 78D Hrs/Day 78D No. of days
OPERATIONS: _T_BD__ Hrs/Day 18D No. of days ﬁD_ Interval
SERVICING: 1BD Hrs/Day _ IBD No. of days _@ Interval

POWER REQUIRED:

2 KW AC or DC (circle one)

_IBD _ Hrs/Day _IBD  No. of days

DATA RATE: __TRD Megabits/second
DATA STORAGE: TRD Gigabits
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ON-ORBIT CONTAMINATION CONTROL

W. SAYLOR, G.E. SPACE DIVISION
VALLEY FORGE,PA.

OBJECTIVE: ON ORBIT SERVICING OF OPTICAL/THERMAL CONTROL

SURFACES.
GROUND OPERATION CONTAMINATION CONTROL AND
PRE LAUNCH CLEANING NOT ENOUGH FOR LONG
TERM MANNED MISSIONS.

ON-ORBIT SERVICING OF CRITICAL SURFACES
WILL BE REQUIRED.

SURFACE REFURBISHMENT METHODS *

TWO CATEGORIES

1.

#*

SURFACE RESTORATION
(CONTAMINANT REMOVAL TO RESTORE INITIAL PROPERTIES)

REACTIVE GAS PLASMA (ATOMIC OXYGEN)
SPUTTER ETCHING

MECHANICAL ABRASION

SOLVENT CLEANING

PULSED ENERGY (ELECTRICAL/LASER)

SURFACE REPLACEMENT

(REMOVAL AND REPLACING SURFACE OR COVERING OVER AN
OLD SURFACE WITH NEW)

o STRIPPABLE/REPLACEABLE FILMS
o DIRECT PANEL REPLACEMENT
o RECOATING (PAINT SPRAYING)

WORK SUPPORTED BY MSFC (NAS8-35342)
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ON-ORBIT CONTAMINATION CONTROL
W. SAYLOR, G.E. SPACE DIVISION
VALLEY FORGE, PA.

ON-ORBIT SERVICING EVALUATION RESULTS

THREE METHODS JUDGED POTENTIALLY USEFUL:

o REACTIVE GAS PLASMA (ATOMIC OXYGEN CLEANING)

EFFECTIVE FOR MOST ALL SURFACE RESTORATION
LABORATORY DEMONSTRATED EFFECTIVE

(A 10 mGM/cMZ CONTAMINATION DEPOSIT CAN BE
CLEANED FROM A 20 FTZ.PANEL IN ONE HOUR
USING A 12" DIAMETER SOURCE AT 5 WATTS.)
EASE OF APPLICATION/SAFE FOR MOST SUBSTRATES

COST EFFECTIVE/ADAPTABLE FOR ROUTINE,
RAPID EMPLOYMENT

o STRIPPABLE/RENEWABLE SURFACE REPLACEMENT
EFFECTIVE FOR SURFACE FILM REPLACEMENT
NOT DEMONSTRATED BUT APPEARS DEVELOPABLE

o RECOATING BY PAINT SPRAYING

EFFECTIVE FOR RECOATING DEGRADED PAINT
SURFACES IN SPACE

DEMONSTRATED EFFECTIVE BY JSC

108




ON-ORBIT CONTAMINATION CONTROL

W. SAYLOR, G.E. SPACE DIVISION
VALLEY FORGE, PA.

PROPOSED EXPERIMENT:

NOTE:

PERFORM A SYSTEM ANALYSIS OF THE FEASIBILITY OF
EACH OF THE REFURBISHMENT METHODS FOR SPECIFIC
MISSIONS

ATOMIC OXYGEN CLEANING

OPTIMIZE THE ATOMIC OXYGEN CLEANING DEVICE FOR USE
AS AN ON-ORBIT EXPERIMENTAL-SYSTEM (DESIGN OF AN
EFFICIENT LOW VOLTAGE POWER SUPPLY, PROPER
PACKAGING, ETC.)

PERFORM CLEANING TRIALS ON SHUTTLE FLIGHTS/FINALIZE
SYSTEM,

PAINT SPRAYING

RE-EXAMINE WITH THE GOAL OF DESIGN IMPROVEMENTS
LEADING TO AN ACTUAL ON-ORBIT DEMONSTRATION, AGAIN
VIA A SHUTTLE FLIGHT.

STRIPPABLE/REPLACEABLE FILMS

A CONCEPT DESIGN PROGRAM SHOULD BE INITIATED
LEADING TO, FIRST, A GROUND TEST OF A FILM
APPLICATOR AND THEN TO AN ORBITAL TEST.

GE PRESENTLY ADAPTING "UV-OZONE CLEANING" TO A PORTABLE DEVICE FOR PRE-LAUNCH
SERVICING OF CRITICAL SURFACES. THE METHOD HAS PROVED EFFECTIVE, SIMPLE AND
SAFE TO OPERATE REQUIRING NO PHYSICAL CONTACT TO SUBSTRATE. ALL ORGANIC RESIDUE
IS REMOVED WITH NO DEGRADATION TO CRITICAL SUBSTRATE.
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EXPERIMENT TITLE: ON-ORBIT CONTAMINATION CONTRCL

W. SAYLOR G.E. SPACE DIVISION
VALLEY FORGE, PA.

PROPOSED FLIGHT DATE - 1988-1990 YEAR
OPERATIONAL DAYS REQUIRED - ___ 1-2
MASS - not designed KG

VOLUME: not designed

STORED: W x L x H =
DEPLOYED: W x L x H =
INTERNALLY ATTACHED yes (YES/NO)

EXTERNALLY ATTACHED (YES/NO)

FORMATION FLYING (YES/NO)

ORIENTATION (inertial, solar, earth, other) any

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 2 Hrs/Day 1 No. of days
OPERATIONS: 4 Hrs/Day _ 1"2  No. of days
SERVICING: == Hrs/Day No. of days

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 2 Hrs/Day 1 No. of days
OPERATIONS: -- Hrs/Day No. of days
SERVICING: -- Hrs/Day No. of days

POWER REQUIRED:

0.005 Kw AC or DC (circle one)
4 Hrs/Day 1-2 No. of days
DATA RATE: -- Megabits/second

DATA STORAGE: -- Gigabits
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EXPERIMENT TITLESPACE. ULTRA - VACLOM FACIULTY

(WAKE SHIELD)

PROPOSED FLIGHT DATE - 1992 YEAR

OPERATIONAL DAYS REQUIRED - Y1 i3 ©
MASS - T B D KG
VOLUME: "Y~ 18 D

STORED: w x L x H = v
INTERNALLY ATTACHED (YES/NO)

EXTERNALLY ATTACHED YES (YES/NO)- RO0M oR TETHE(,
FORMATION FLYING (YES/NO) POSSILBLE. REQ,

ORIENTATION (inertial, solar, earth, other) © WL GRT DIRECTION

EXTRA-VEHICULAR ACTIVITY REQUIRED: Y &S

SET-UP: TR D  Hrs/Day No. of days
OPERATIONS: T8 P Hrs/Day No. of days Interval
SERVICING: T°G D Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED: T~ ©

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED: SELF ComTAINED ( Exe, :D&?END‘ENT\
KW  AC or DC (circle one)

Hrs/Day No. of days
DATA RATE: v ® D  Megabits/second

DATA STORAGE: T &€D Gigabits
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EXPERIMENT TITLE: Radiatiow Measurzments Egprimu'f - (RME )

PROPOSED FLIGHT DATE - THIS YEAR (8S)
OPERATIONAL DAYS REQUIRED - C.ooﬁﬂno\as
MASS - .5 KG
VOLUME:
STORED W x L x H - .25 ¥
DEPLOYED W x L x H = .25 M3
INTERNALLY ATTACHED _YES (¥£37%0)
EXTERNALLY ATTACHED MAYQRE (X&&5/NO)
FORMATION FLYING VO (HESANS)
ORIENTATION (inertial, solar, earth, other)
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING Hrs/Day No. of days Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: .5  Hrs/Day No. of days
OPERATIONS: _—°~7'"Hrs)Bay No. of days ___ Interval
SERVICING Hrs/Day No. of days Interval
POWER REQUIRED:
KW AC or DC (circle one)
Hrs/Day No. of days
DATA RATE: Megabits/second
DATA STORAGE: Gigabits
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EXPERIMENT TITLE: 85 Erwiron nﬂﬂ!ﬂﬁ]gq! (}! :l N l~ C l ]
Qharact eization & Veri&cabpn Expmt

PROPOSED FLIGHT DATE - 199 2 YEAR

OPERATIONAL DAYS REQUIRED - _(' nnhnusu s

MASS - T»D KG

VOLUME:

STORED: W xL xH = _TRD M
DEPLOYED: W xL - x H = TR M

EXTERNALLY ATTACHED (YES/NO)
FORMATION FLYING wn (YES/NO)

INTERNALLY ATTACHED (YES/NO) - poss: bly lab moduls
#ai

ORIENTATION (inertial, solar, earth, other)  JLy1(A)

EXTRA-VEHICULAR ACTIVITY REQUIRED: TRD

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERYICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED: TR D

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED: “TRD
KW AC or DC (circle one)
Hrs/Day No. of days
DATA RATE:_“TIX1)  Megabits/second

DATA STORAGE: ‘ E! 2 Gigabits
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Experiment: Environmental Interactions
Preasenter: D.B. Snyder, NASA Lewis Research Center

Objective:

Environmental compatibility is vital to the succeas of future space miassions.
This series of experimenta will evaluate and demonatrate the environmental
compatibility of power systema, coaponenta of power systems, and space
experimenta. A complete prograa to underatand the interactiona between the
apace environsent and exposed spacecraft cosponents will involve the
development of theoretical modela, ground teats of models and coaponenta, and
fl1ight teata. Flight teata for environmental compatibility are vital due to
limitationa on ground tests. Vacuum tanks impose boundary conditions on
systems that do not exist in apace. Fight tests will permit large acale
teating of aystems.

Deacription:

This prograa would support a series of flight tesats on STS, Space Station and
free flying platforma. All these teats require knowledge of the current atate
of the environment. A separate package of inatruments will need to be located
far enough from the tesat area to obtain a good sampling of the environment.
This information will be needed to untangle the response of the tested object
to the changing environment. In addition, information on the rangea of
perturbationa on the environment due to the test may be determined by moving
this package closer to the test area.

STS can be used in the near future to provide immediate answers. STS can
conduct tests dedicated to particular missions or componenta (e.g., VOLT), or
more general teatsa of small acale syatems able to fit in the payload bay and/or
be maneuvered on the RMS.

Space Station can be used to conduct large acale tests of long duration. These
tests may be run in connection with the operation of a power aystem teat bed
facility. These testa will provide information on the coupling between
subsyateaa, degradation of performance due to various interactions, and
perturbation of the local environment due to operation of the aystem.

Free flying platforms may be used to vary the environment experienced by the
systen. The platforms may be used to vary the flight altitude., and on poiar
orbita, the plasma environament.

Thia data will be useful to verify the predicted operation of the system, to
allow extrapolation to different environmentsa, and to permit positioning of
experiment packages on spacecraft to ensure that they will see space rather
than the spacecraft.
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EXPERIMENT TITLE._ & nuiron mentel Tuteractions /ST S
’

PROPOSED FLIGHT DATE - fofc 805 {fo /efe J0YEAR

OPERATIONAL DAYS REQUIRED - _hoars 4o o, s
/4

MASS - KG

VOLUME:

STORED: W xL xH - M3
DEPLOYED: W xL xH - b 4o 16 M3

INTERNALLY ATTACHED _ Yes (YES/NO) De Vi
EXTERNALLY ATTACHED _ Ye 5 (YES/NO)
FORMATION FLYING e 3 (YES/NO)

ORIENTATION (inertial, solar, earth, other)_Ra u /tda Ke  Suu, Ma g e tee tielS

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED:
O.§ KW aC or®(circle one)

2 ft Hrs/Day No. of days

DATA RATE: 0.0S Megabits/second

DATA STORAGE: 1 Gigabits
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EXPERIMENT TITLE. & v ifoumen Yal Luteractons /55

PROPOSED FLIGHT DATE - mud *o late ‘905 YEAR

OPERATIONAL DAYS REQUIRED - __ mew tlho s

MASS- [(®OO - 000 KG

VOLUME:
STORED: W xL x H = M3
DEPLOYED: W xL x H - LoO M3

INTERNALLY ATTACHED AMle (YES/NO)
EXTERNALLY ATTACHED fes (YES/NO)
FORMATION FLYING ¥~s (YES/NO)

ORIENTATION (inertial, solar, earth, other) e -«'/b)a Ke ; Sola r, Mq:, “c""— Fielsd

EXTRA-VEHICULAR ACTIVITY REQUIRED: ‘(’e‘s

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED: Aot mewely

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED:

/ KW @or DC (circle one)
B+4> 27 Hrs/Day Mouths No. of days
DATA RATE: .0l 4o ( Megabits/s;econd

DATA STORAGE: /0O  Gigabits
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FLUIDIZED BED BEHAVIOR IN REDUCED GRAVITY

MICHAEL A. GIBSON AND CHRISTIAN W. KNUDSEN
CARBOTEK, INC.
HOUSTON, TEXAS

OBJECTIVE:

AVAILABILITY OF REDUCED, CONTROLLABLE GRAVITY IN A SPACE STATION
COULD EXTEND THE APPLICABILITY OF FLUIDIZED BEDS TO MUCH LARGER OR DENSER
SOLIDS THAN ARE USABLE ON EARTH.

THIS EXPERIMENT SEEKS TO MEASURE IMPORTANT FLUID-SOLIDS PARAMETERS AS
FUNCTIONS OF GRAVITY; THESE DATA WILL BE NEEDED FOR SUBSEQUENT DESIGN OF
SPACE STATION FLUINIZED SOLINS PROCESSING UNITS SUCH AS

+ SOLIDS COATING REACTORS
« DRY POWDER MIXERS

« SOLID WASTE PROCESSORS

NESCRIPTION:

THE EXPERIMENT CONSISTS OF OPERATING A "TWO-DIMENSIONAL" FLUIDIZED
BED WITH VARIOUS COMBINATIONS OF APPLIED GRAVITY, SOLIDS AND FLUIDIZING
GAS. IN SUCH A THIN, TRANSPARENT VESSEL, THE CRUCIAL DESIGN PARAMETERS OF
GAS BRURBLE SIZE, SHAPE AND GROWTH AND BED EXPANSION CAN BE OBSERVED
DIRECTLY AND RECORDED ON FILM OR VIDEOTAPE.  NUMEROUS 1g TERRESTRIAL
EXPERIMENTS HAVE ESTABLISHED THE VALIDITY OF THIS TECHNIQUE FOR BUBBLE
SIZE DETERMINATIONS.

THE ENTIRE EXPERIMENT CAN BE OPERATED AT ROOM TEMPERATURE. THE RANGE
OF OTHER INDEPENDENT VARIABLES WOULD BE

- 0.01 < gc< 0.3

. MINIMUM FLUIDIZATION VELOCITY < GAS VELOCITY < 90% OF TERMINAL VELOCITY

. SOLIDS DIAMETERS UP TO 0.25 CM (2500u)
« SOLIDS DENSITIES LIMITED ONLY BY U > Umf
THE EXPERIMENT WOULD FIT LOGICALLY INTO THE PROPOSED VARIABLE GRAVITY
EXPERIMENT FACILITY. IT WOULD NOT REQUIRE LONG-TERM OPERATION OR MONITOR-
ING. ONCE SET UP, THE BED FILLED WITH DESIRED SOLIDS AND THE DESIRED

GRAVITY ESTABLISHED, ONLY A FEW MINUTES AT EACH CHOSEN GAS VELOCITY WOULD
BE NEEDED FOR DATA ACOUISITION.
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EXPERIMENT TITLE:

Fluidized Bed Behavior in Reduced Gravity

PROPOSED FLIGHT DATE - 88 /9L YEAR
OPERATIONAL DAYS REQUIRED - Intermittent ~30 Total
MASS - 30 KG
VOLUME:
STORED: w 1 x L 2 x H 1
DEPLOYED: W 1 x L 2 x H 1
INTERNALLY ATTACHED (YES/NO)
EXTERNALLY ATTACHED (YES/NO)
FORMATION FLYING (YES/NO)
ORIENTATION (inertial, solar, earth, other) _ N/A _ None
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days
SERVICING: Hrs/Day No. of days
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 4 Hrs/pay 710 No. of days
OPERATIONS: 2 Hrs/Day 30 No. of days
SERVICING: 2 Hrs/Day 5 No.of days
POWER REQUIRED:
] KW AC or DC (circle one)
Hrs/Day No. of days
DATA RATE: __ N/A Megabits/second
DATA STORAGE: _ N/A  Gigabits
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EXPERIMENT TITLE.__ CONTROLLED ACCELERATION PRAPULSION TELHNOLOAY

PROPOSED FLIGHT DATE - 1992 YEAR (FACitiry BUILD-uP AND

CHECK-QT) FOLLOWED BY AN Sugeine SEHES OF Seecirig EXPERIMENTS)
OPERATIONAL DAYS REQUIRED - POR _BVILD-UP AVD CHE¢K-OUT, FoLLowaD By

AN NGOG SBRIES OB SPEC M WPlrimenT op 10 DAYs Typ, ,
200 X YYPlLAL purAT o,

MASS -

VOLUME:

STORED: W 2m AM s H adm - 8 M3

DEPLOYED: W aM gL M  xH aMm - 2t M3 soeen To
EPACE)

INTERNALLY ATTACHED (VI8/NO)

EXTERNALLY ATTACHED (YES/ @)
FORMATION FLYING (¥B8/NO)

ORIENTATION (inertial, solar, earth, other) VARIABLE (o PROVIDE RANGE of PRESIUNE)

EXTRA-VEHICULAR ACTIVITY REQUIRED: (fte EXPERIMENTY Tymeal)
SET-UP: 2 HrDay 1 No. of days
OPERATIONS: 0 Hrs/Day o No. of days _ O Interval
SERVICING: L  Hrs/Day ! No.of days _ S Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:. (PER exPERIMENT , TYPICALY
SET-UP 2 Hrs/Day | No. of days
OPERATIONS: % Hrs/Day 10 No. of days _!  Interval

SERVICING: 2 Hrs/Day ! No.of days 5 Interval

POWER REQUIRED:

VP o 30* KW AC or DC &iscle ore (DEPENDENT ON
SPEC\FIC EXPERIMENT)
10 Hrs/Day 10 No. of days (TypicaL)
DATA RATE: ~ | Megabits/second
DATA STORAGE: ~4 Gigabits

*Fr runs of up to L hr duratim — 30kW-he
requivrewext ’wktc.‘\ can be accomodated c
by lowyr istantanesug requirewient JR.STeN

using storage. itk charging during wn-opendiy
Twme.. - Would add Some. mass 3 volume.
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BEAM-SURFACE INTERACTIONS
VANDERBILT UNIVERSITY

EXPERIMENT TITLE: Synergistic Effects in Beam-Surface Interactions

PROPOSED FLIGHT DATE - 1991 YEAR

OPERATIONAL DAYS REQUIRED - gg

MASS - _ 150 KG

YOLUME:

STORED: W 1.70 cm xL 1,50 cp xH__ 40 cm = 1

DEPLOYED: W __ cane xL _ same xH __ same = same

INTERNALLY ATTACHED YeS _ (YES/NO)
EXTERNALLY ATTACHED (YES/NO)
FORMATION FLYING (YES/NO)

ORIENTATION (inertial, solar, earth, other)  cqilar

EXTRA-VEHICULAR ACTIVITY REQUIRED: pNope

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: ] Hrs/Day __ 39 No. of days

OPERATIONS: 2 Hrs/Day a0 No. of days Interval

SERVICING: 2 Hrs/Day No. of days Interval

POWER REQUIRED:

0.1 KW AC or DC (circle one)

continuous Hrs/Day 90 No. of days

DATA RATL: __ g3 Megabits/second
DATA STORAGE: Gigabits
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THRE NATURAL ENVIRONMENT
1) Reasoviably weldd understood Cie., on
the averaae ... but wot predictable
ow a du,-h-day, \voun-‘.y-hour bavs)
2) Can comduct 1§ wminute experiments
(1p No TINDUCEQ ENVIROMNMENTAL EFFIKTS
in  basie plaswma, wplumq. and
mp\ws{cal plaswma physics
1) Space Stakion canm previne PpPermanent
solar~tereestriad wonitoring  systems
(NAS prisvity ... flow op eneryy amd wmass
tw the  selaa- magnetospherie - ionospheric -
thermespheric system
RELEVANT To: ISTP (NASA + World)
SuvoiaL (NSF + Werdd)
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